. Thorax, [495] [496] [497] [498] [499] [500] [501] [502] [503] [504] . Cigarette smoking and irreversible airways obstruction in the West Indies. Two communities, one in Jamaica and one in Guyana, have been surveyed in order to investigate the relationships between cigarette smoking, respiratory symptoms, and lung function in the West Indies. Cigarette consumption was less than that reported in the United Kingdom, particularly among women. Smoking was associated with cough, phlegm, increases in total lung capacity and residual volume, and reductions in FEV%, transfer coefficient (Kco), and alveolar capillary blood volume (Vc). Vital capacity (VC) and the diffusion capacity of the alveolar membrane (Dm) were normal. After allowing for differences in age and tobacco consumption, less cough, phlegm, and airways obstruction occurred in the West Indies than has been reported in the United Kingdom.
Forty-seven patients in Jamaica with chronic obstructive lung disease were followed for three years. All except six female asthmatics were either current smokers or ex-smokers. Smoking in patients was associated with a similar but more severe pattern of lung disease to that found in survey subjects with, in addition, reductions in VC and Dm. In the non-smoking asthmatics Kco, Dm, and Vc were normal. The lung function of these 47 patients was similar to that reported for UK patients even though both chronic bronchitis and hypercapnia were considerably less common in Jamaica. Emphysema was present in all six patients who died and came to necropsy. It is suggested that in the West Indies emphysema contributes more than bronchitis to airways obstruction in smokers. There was also evidence that subjects of African origin were less susceptible to the emphysema-producing effect of cigarettes than were other ethnic groups.
In industrialized countries in the temperate zone, smokers as a group show an excess of chronic cough, phlegm, and breathlessness compared with non-smokers, together with some airways obstruction (Report of the Surgeon General, 1972) . These clinical findings have been collectively referred to as either chronic obstructive bronchitis, or chronic non-specific lung disease, or chronic lung disease with airways obstruction. None of these terms implicates smoking because the same features are also associated with atmospheric pollution, a cold damp climate (especially fog), and some industrial hazards (Higgins and Cochrane, 1961; Holland and Reid, 1965) , and the relative contributions of each of these factors towards the disease process remain uncertain. 'Present address: Medical Research"Council Pneumoconiosis Unit, Llandough Hospital, Penarth, Glamorgan, S. Wales, UK Of these four main contributory causes of chronic lung disease, only smoking exists to a significant extent in the West Indies. The climate is tropical with little seasonal variation in temperature. Air pollution is very low, even in the cities (Pan American Health Organization, 1971) , and only a very few people are employed in industries with a known respiratory health risk. Previous to 1940, the economy of the region was completely dominated by sugar and other forms of tropical agriculture. Today all territories are striving for industrial development and economic diversification. Trinidad has a large oil-refining industry, Jamaica and Guyana mine bauxite, and Jamaica also has a cement plant and a steel mill. Small industrial estates are emerging throughout the region but many of the industries are engaged only in component assembly or 'finishing touch' 495 operations, and agriculture remains the major employer of labour.
In view of the healthy climate and atmosphere, Stuart and Hayes (1963) were surprised to discover that in Jamaica 14% of large hearts at necropsy showed right ventricular enlargement secondary to lung disease. Subsequently, Hayes and Summerell (1969) found that severe destructive emphysema was present in about 2% of men and 1% of women at necropsy. In the temperate zone countries the great majority of patients with emphysema smoke cigarettes, have chronic obstructive bronchitis, and also have a reduced transfer factor (diffusing capacity of the lung) (Burrows, Niden, Fletcher, and Jones, 1964) . To determine whether this is also the case in tropical non-industrialized areas the inter-relationships between cigarette smoking, bronchitis, lung function, and necropsy findings have been studied in the West Indies and compared with those reported for the United Kingdom.
SUBJECTS, PATIENTS, AND METHODS
Most of the information about tobacco smoking and its effects on the lungs was collected during two community surveys, one in Jamaica and the other in Guyana (1968 The methods used have been described elsewhere (Miller and Ashcroft, 1971; Miller et al., 1972 (Resparameter-Meade et al., 1965) by measuring TF at high and normal alveolar oxygen tensions (cf Cotes, 1968 (Ogilvie, Forster, Blakemore, and Morton, 1957) . In a few subjects the measured gas transfer indices were adjusted to correct for the effects of anaemia . After excluding some subjects for the reasons given earlier, the data for nine male and 31 female nonsmokers, and for 36 male and six female current smokers were accepted for analysis (58 % of total sample).
The Jamaica survey was complemented by a clinical study of all available patients (36 men and 11 women) with irreversible airways obstruction who were attending the University Hospital in Kingston. The patients were studied when their condition was stable in the same manner as the survey subjects with, in addition, measurement of the volume of sputum within the first hour after rising, a representative electrocardiogram, postero-anterior and lateral chest radiographs, and mixed venous Pco2 estimated by the method of Campbell and Howell (1962) 16 and 59 years had acquired the habit. For heavy smoking the difference in prevalence rates was even greater, only 1% in Jamaica compared with 17% in the UK.
Fewer men and women smoked in Guyana than in Jamaica. Thus 48% of men and 4% of women in the Guyana survey smoked cigarettes, and only 11% of men and none of the women were heavy smokers.
Since few women in the West Indian surveys smoked, the further analysis concerning the effects of cigarettes was confined to the data for men. Table III (Higgins et al., 1968) . They show that in both communities symptom rates increased and average FEV% declined with increasing age in all smoking categories with the possible exception of West Indian non-smokers. African nonsmokers in the West Indies were distinctive in showing no obvious increase in symptom rates and no more than a trivial decline (1 4% over 20 years) in average FEV% with increasing age. Within each age group symptom rates were increased and average FEV% was decreased in smokers compared with non-smokers in both communities (except for FEV% in younger heavy smokers in the Caribbean), but when standardized Values are percentages based on the total number of subjects in each age group.
'All 409 subjects who were interviewed. 'Tobacco Research Council (1969) . 'Adjusted to the UK age distribution. breathlessness. One of these men and seven of the women showed an improvement in lung function after isoprenaline inhalation. Only one of these eight patients (a woman) was a smoker, and in all, asthmatic attacks with recurrent or chronic bronchitis had begun at ages ranging from early childhood to 50 years. All 14 nonresponders to isoprenaline were smokers; four had had childhood asthma which declined in adulthood to be followed after 40 years of age by chronic breathlessness, and 10 developed episodic wheezing with breathlessness for the first time in adulthood. One woman and three men in this latter group of 10 were subsequently found to have extensive emphysema at necropsy, and two were brothers with familial emphysema. There were 20 patients (17 smokers, 3 nonsmokers) without chronic phlegm and 25 with chronic phlegm (22 smokers, 3 non-smokers). When those without chronic phlegm were subdivided according to whether they noted episodic wheezing with breathlessness, no differences in the pattern of lung function were observed. Among patients with chronic phlegm those with episodic wheezing and breathlessness had as a group less severe airways obstruction, somewhat larger lung volumes, and a similar transfer coefficient to those without this symptom. Thus there was no evidence that 'asthma' was associated with any additional permanent impairment of lung function. The patients were therefore divided simply according to the presence or absence of chronic phlegm (Table VI) . In order to allow for Cotes (1968) . Normal values for Africans and Indians are those found for healthy non-smokers in Jamaica.
differences in lung function which exist between sexes and ethnic groups the results have been expressed as a percentage of predicted normal values, and Indians have been considered as having similar lung volumes and gas transfer indices to Africans (Edwards, Miller, Hearn, and Cotes, 1972) . Both subgroups had a comparable degree of airways obstruction, a similar increase in total lung capacity and residual volume, and a similar reduction in all gas transfer indices including the diffusion capacity of the alveolar membrane. In both subgroups the radiographic estimate of total lung capacity (Barnhard, Pierce, Joyce, and Bates, 1960) agreed to within 4% on average of that given by helium dilution. As a group the six female non-smoking patients with airways obstruction partly responsive to isoprenaline differed from smokers in having a normal transfer factor (mean 6-2, compared with predicted mean of 6-4 mmol min-' kPa-1) and a normal alveolar capillary blood volume (mean 65 ml).
Six of the 47 patients died from their lung disease during the course of this study and in each case necropsy information was obtained. Two were brothers with familial emphysema. The remaining four (one female) were also found to have extensive destructive emphysema. No necropsy reports were obtained for two other patients who died, one in a road accident and another from carcinoma rectum.
DISCUSSION
A great variety of both local and imported tobaccos is available in both Jamaica and Guyana. Cigarettes, cigars, leaf tobacco, and 'twist' or 'rope' are all produced on a commercial scale from local crops and many people cultivate and cure their own leaf for personal consumption.
The great majority of smokers in these surveys were regular users of the ordinary manufactured cigarette although some had also smoked other varieties of tobacco from time to time. Unfortunately questions were not asked about the use of filter cigarettes and the interviewer considered that the responses to questions about inhalation were frequently unreliable.
At the present time cigarette smoking appears to be the major cause of chronic cough and phlegm in the West Indies. Less chronic lung disease occurs in this region than in temperate and industrialized areas such as Staveley, partly because cigarette consumption is lower and partly because the air and climate of the West Indies is more conducive to respiratory health (Pan American Health Organization, 1971) . In the UK, Holland, Halil, Bennett, and Elliott (1969) have suggested that exposure to some environmental factors in childhood, including atmospheric pollution, contributed to the development of chronic respiratory disease in later years. This might explain why young non-smokers in Staveley had more chronic phlegm and a lower FEV% than non-smokers of similar age in the West Indies. In addition, and as discussed later, there is some evidence that subjects of African origin (who form the majority in the West Indies) are less susceptible to the respiratory effects of cigarette smoke than other ethnic groups.
The FEV% was chosen in preference to the FEVY or FVC as an index of airways obstruction for two reasons. First, being a ratio of two volumes, the FEV% has no dimensions and is not therefore influenced by ethnic differences in lung volumes (Edwards, Miller, Hearn, and Cotes, 1972) . Second, the FEV% is better correlated with the rate of development of airways obstruction than is either of its component values (Fletcher, Peto, Speizer, and Tinker, 1969) . In the absence of smoking the decline in FEV% with age in the West Indian men appeared trivial. For male smokers and non-smokers combined the linear regression was: FEV%=87-0-12 age (years) (RSD, 6-1) Thus only 2 5% of men at age 65 years would be expected to have an FEV% of less than 67% (that is, less than 2 RSD below the mean). On this account the acceptance of an FEV% of 65 or less after isoprenaline inhalation as evidence of irreversible airways obstruction seemed reasonable for men in Jamaica and Guyana, and was supported by its associations with other lung function disturbances (Table IV) . For women in the West Indies, most of whom were non-smokers, the decline in FEV% with age was larger than that for the men: FEV%=87-0-16 age (years) (RSD, 7 8) Why this should be was not apparent from the data but it probably explained the presence of an FEV% of less than 65 in 14 apparently healthy female non-smokers, and suggested that an FEV% of 65 afforded less evidence of respiratory disease in women than in men in the West Indies.
In most respects the lung function changes associated with tobacco smoking resembled those reported from the UK and the United States. Krumholz and Hedrick (1973) found a reduced FEV% and an increased residual volume and functional residual capacity in middle-aged smokers compared with non-smokers. In addition, they and also van Ganse, Ferris, and Cotes (1972) reported a reduction in the transfer coefficient of smokers which the latter group showed to be due to a reduction in the alveolar capillary blood volume. There is some disagreement over changes in total lung capacity in smokers. Krumholz and Hedrick (1973) found a very small reduction in smokers, but, as in the present study, C. E. Rossiter (personal communication) found an increase in total lung capacity in smokers compared with non-smokers in a survey of asbestos cement workers who were minimally exposed to asbestos dust (no cough, phlegm, breathlessness and no chest radiograph changes). Also, McFadden and Linden (1972) found the mean total lung capacity increased to 108% of predicted average normal in a group of patients with heavy smoking histories and mild airways obstruction, though they did not consider this change significant.
In the West Indies the majority of smokers appear to maintain a normal vital capacity and diffusion capacity of the alveolar membrane (see Table IV ), at least until the seventh decade. The reductions in ventilatory capacity and transfer coefficient associated with smoking are in the great majority not sufficient to produce a degree of breathlessness which makes the smoker seek medical advice. However, the hospital series indicated that in a small number of smokers the lung lesion does progress to a stage where ventilatory capacity, the diffusion capacity of the alveolar membrane, and the transfer coefficient are markedly reduced and breathlessness is considerably increased. Bronchial hypersecretion, although frequently present, does not apparently contribute to this decline in lung function since, as shown in Table VI , there was no apparent difference between the lung function of those patients with chronic phlegm and those without this symptom. A real difference in sputum production probably existed in the two groups, as shown by the difference in sputum volumes collected during the first hour of the morning.
Regarding the pathological basis of the reduction in transfer coefficient in smokers, Burrows and colleagues (1964) found that when patients with chronic lung disease in London and Chicago were divided into an emphysema group, a chronic inflammatory group, and an intermediate group, according to the chest radiograph, the emphysema group but not the chronic inflammatory group had a reduction in the transfer coefficient. Teculescu, Racoveanu, and Manicatide (1973) classified patients with chronic obstructive lung disease into bronchitic, emphysematous, and intermediate subgroups according to the criteria of Nash, Briscoe, and Cournand (1965) and found a mean transfer coefficient 60% of predicted normal in the emphysema group compared with 88% of predicted normal in the bronchitic group. One hundred and thirty-one of the 137 patients in these two studies were smokers. Among both survey subjects and hospital patients in Jamaica, smoking was associated with a reduction in the transfer coefficient, whether or not chronic bronchitis was present. This suggested that in the West Indies at least most of the chronic airways obstruction of smokers was due to emphysema.
It is of interest to compare the 34 male patients in Jamaica with the group of 100 patients selected by Burrows and colleagues (1964) as being representative of hospital experience in London and Chicago. 3To convert to ml min-' torr-1 multiply by 2'986. 'Classification of Goodwin and Abdin (1959) .
similar with regard to age, smoking habits, and degree of airways obstruction (FEV%). In addition, a similar proportion of each group noted breathlessness when walking at an ordinary pace on the level. Total lung capacity and residual volume as a fraction of total lung capacity were increased in both groups and gas transfer was reduced by similar amounts. Despite these similarities, however, the Jamaican group had considerably less evidence of chronic bronchitis both subjectively according to the complaint of chronic phlegm and objectively according to the proportion with hypercapnia. This difference agreed with the survey finding of less cough and phlegm among smokers in the West Indies than the UK, and similarly was probably related to the healthier air and climate of Jamaica. The results of sputum collection in the first hour after rising were evidence for the validity of the response to the questionnaire in that patients who stated that they usually coughed up phlegm were usually able to produce a morning specimen, whereas those who stated that they did not usually have phlegm were usually unable to produce a specimen. The apparently comparable amounts of right ventricular involvement in the two series suggested that hypoxia (Hasleton, Heath, and Brewer, 1968) was as prevalent among Jamaican patients as among patients in the UK and North America, and supported the necropsy finding of Stuart and Hayes (1963) that in Jamaica right ventricular enlargement was commonly secondary to lung disease. While the post-mortem emphysema found in Jamaica by Hayes and Summerell (1969) was probably associated with cigarette smoking, Hayes had insufficient information about smoking habits to confirm this (Hayes, 1970) . However, Ryder, Dunnill, and Anderson (1971) in the UK, and Auerbach, Hammond, Garfinkel, and Benante (1972) in the USA have reported strong relationships between emphysema at death and tobacco smoking during life, and extensive emphysema was found in all six smokers who came to necropsy during the course of the present study.
The Guyana survey (Miller and Ashcroft, 1971 ) showed that chronic bronchitis was less common among Africans than among Indians, a difference which was not accounted for by differences in smoking habits and occupation. In the present study, Africans were similarly underrepresented in the Jamaican hospital series while Europeans and Indians were over-represented. Again, the occupational and smoking histories offered no explanation for these differences. It was unlikely that this difference was due to a bias in hospital admissions because the ethnic composition of cancer deaths at the University Hospital over this period resembled that of the general community. Thus 76% of lung cancers at necropsy were among Africans, and only 8% were among Europeans (Bras, Whimster, Patrick, and Woo-Ming, 1972) . The evidence was therefore that men of African origin in the West Indies were less susceptible to the emphysema effect of cigarette smoking than men of other ethnic groups. A similar impression has been gained in North America by Murphy, Katz, Massaro, and Luchsinger (1962) , and in New York City Stebbings (1973) found a significantly smaller decline in FEV, with age among coloured male smokers as compared with white smokers, while among non-smokers the rate of decline with age appeared similar in the two ethnic groups.
The basis of this apparent ethnic difference in susceptibility to chronic lung disease is unknown. Long-term cigarette smoking is known to increase the peripheral blood leucocyte independently of chronic bronchitis (Corre, Lellouch, and Schwartz, 1971 ) and also to increase the alveolar leucocyte count (Rylander, 1971 (Tarkoff, Kueppers, and Miller, 1968) into the pulmonary tissues during smoking.
The hospital series showed that in the West Indies irreversible airways obstruction also occurred in the occasional non-smoker who was an asthmatic. However, in these patients airways obstruction was not associated with a defect of pulmonary gas transfer, at least when the asthma was in remission. Other conditions considered as possible causes of airways obstruction were the lipoid pneumonia of blackfat tobacco smokers (Miller et al., 1971) and tropical pulmonary eosinophilia. The latter disease has been reported as causing airways obstruction in Ceylon (Nesarajah, 1972) but not in India (Azad Khan, Patra, Banu, and Rabbee, 1970) . Both conditions occur in Guyana, but since neither is recognized in Jamaica they could not have contributed to the symptoms and lung function found to be associated with ordinary tobacco smoking in this study. In summary, most smokers of ordinary tobacco in the West Indies note little more than a tendency to cough for more than 30 years after acquiring the habit. During this time the reduction in ventilatory capacity and gas transfer is not sufficient to produce a clinical grade of breathlessness. In a minority, however, damage to the peripheral architecture of the lung (probably emphysematous change) eventually reaches critical proportions and breathlessness increases. This process is accelerated in the presence of a,-antitrypsin deficiency, as was the case with two brothers in the hospital series who had severe emphysema by their fourth decade. At present chronic bronchitis does not appear to play an important role in the aetiology of airways obstruction in this part of the world. 
